In this paper, a visible light communication system for underground mining environment is demonstrated. The system structure and corresponding experiment demonstration are presented. Our results indicate that proposed system can provide a useful insight into the future applications for underground mining environment.
underground part includes LEDs and miner's lamps. These two parts communicate with each other through VLC and IrDA technologies.
In the downlink, the beacon frame is sent from STM32 to miner's lamp 50 times per second through VLC by STM32 itself. If the workstation wants to send some warning signal to miner, firstly the signal is transmitted to LED through PLC from the workstation, and then it is transformed into the warning frame by ARM9 and STM32, lastly it is sent from VLC transmitter to VLC receiver of miner's lamp through optical signal. In the uplink, the Infrared transmitter transfers different data in different condition. When the VLC receiver receives beacon frame, Infrared transmitter returns positioning frame. And the alarm in miner's lamp sounds, then VLC receiver obtains the warning frame. Infrared also could send the alarm frame if the miner encounters danger, then the work station can get the signal. 
Analysis of system channel
In this section we analyze the communication system in theory to confirm whether the project is available. There are two points need to discuss, the horizontal illumination of underground coal mine and the received power of miner's lamp. The model of lane in underground coal mine is shown as Fig. 2 . Due to the unique environment, the LEDs are ranked in line. And when the miner walks down the lane, he will pass underneath the LEDs. Next, we will discuss the possible application of the communication system. The width of lane is about 3~5 m, but the scope of the activity of the miner is just about 1 m. The distance between the adjacent LEDs is about 10 m, and the LEDs are installed at a height of 2.8 m from the ground. Each LED is consisted of 4 light chips. The specific parameters are summarized in Table 1 . It is assumed a LED chip has a Lambertian radiation pattern. The luminous intensity of LED is given by
The horizontal illumination of the underground coal mine is given by
The distribution of horizontal illumination at the ground of lane is shown in Fig. 3 [8] . According to the lighting standard of industrial enterprise, 10 lx is required at least in the general observational production. From the figure, we can see this LED lighting has a function as lighting. Then we established the channel model of visible light for the proposed communication system. The optical link has been divided into Line of sight (LOS) and Non line of sight(NLOS). In the paper, we only consider the effect of direct light. According to the real environment of the underground coal mine, the channel DC gain is given by (3) where light transmittance a T can be given as
where C denotes dust concentration.
The received optical power of miner's lamp is given by 5) where t P means the transmitted optical power. According to these analyses and the parameters given in Table 2 , we can obtain the distribution of received power of the miner's lamp shown in figure 4 . From this figure, the received power is 1 dBm at the edge of activity area. When the miner stands underneath the LED, the received power could meet the demand of communication. 
The demonstration and results
In the underground mining environment, a demonstration system is built as shown in To test the communication system, a series of experiments has been done. Through buzzer of miner's lamp, we can make sure whether the miner's lamps receive the warning signal. Through the station we can measure the accuracy of the alarm and positioning, as shown in figure 6 (a) (b) . 
Summary
In this paper we proposed a new LED-based communication system for underground mining environment. The system is composed of PLC, IrDA and VLC technologies. And the system provides communication and illumination simultaneously. We have shown the frame of the communication system, and the experimental results have proved the communication system can obtain the performance of the practicability and effectiveness.
